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Theoretical modelObjective: Several countries are in the process of implementing an Electronic Health Record (EHR), but
limited physicians’ acceptance of this technology presents a serious threat to its successful implementa-
tion. The aim of this study was to identify the main determinants of physician acceptance of EHR in a
sample of general practitioners and specialists of the Province of Quebec (Canada).
Methods: We sent an electronic questionnaire to physician members of the Quebec Medical Association.
We tested four theoretical models (Technology acceptance model (TAM), Extended TAM, Psychosocial
Model, and Integrated Model) using path analysis and multiple linear regression analysis in order to iden-
tify the main determinants of physicians’ intention to use the EHR. We evaluated the modifying effect of
sociodemographic characteristics using multi-group analysis of structural weights invariance.
Results: A total of 157 questionnaires were returned. The four models performed well and explained
between 44% and 55% of the variance in physicians’ intention to use the EHR. The Integrated model per-
formed the best and showed that perceived ease of use, professional norm, social norm, and demonstra-
bility of the results are the strongest predictors of physicians’ intention to use the EHR. Age, gender,
previous experience and specialty modiﬁed the association between those determinants and intention.
Conclusions: The proposed integrated theoretical model is useful in identifying which factors could moti-
vate physicians from different backgrounds to use the EHR. Physicians who perceive the EHR to be easy to
use, coherent with their professional norms, supported by their peers and patients, and able to demon-
strate tangible results are more likely to accept this technology. Age, gender, specialty and experience
should also be taken into account when developing EHR implementation strategies targeting physicians.
 2013 Elsevier Inc. All rights reserved.1. Background
The electronic health record (EHR) is viewed as the backbone
supporting the integration of various information tools (e.g., emer-
gency information, test ordering, electronic prescription, decision-
support systems, digital imagery, and telemedicine) that could im-
prove the uptake of evidence into clinical decisions. Using such evi-
dence in daily clinical practice could enable a safer and more
efﬁcient healthcare system [1–3]. International literature supports
several beneﬁts of EHR for patients [4–11]. One of the main bene-
ﬁts reported is the increased quality of care resulting from patients
having their essential health data accessible to their differentproviders, which can signiﬁcantly improve the coordination of care
[12,13] and increase the efﬁciency of primary care practice [14].
Based on relevant disease management programs [15,16], the
EHR could support empowered citizens to actively take part in
decisions regarding their health, and could be used to track the
delivery of recommended preventive care across primary care
practices [17]. The EHR is also a tool that facilitates knowledge ex-
change and decision making among healthcare professionals by
providing them with relevant, timely, and up-to-date information
[13].1.1. Current knowledge on EHR acceptance
The implementation of EHR systems is currently supported in
many high-income countries [13,18,19]. For instance, the Institute
of Medicine in the US has qualiﬁed the EHR as ‘‘an essential
technology’’ for healthcare [20]. Nevertheless, the rate of EHR
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the United States [20–22], United-Kingdom [14,23–27], and Can-
ada [28–31].
An increasing body of knowledge on EHR implementation
shows that a majority of projects are discontinued after the exper-
imentation phase of their assessment [22,32]. Issues associated
with the slow diffusion of the EHR include: important start-up
investments, lack of ﬁnancial incentives, uncertain payoffs, subop-
timal technology, low priority, and resistance of potential users
[33–35]. EHR acceptance by physicians requires signiﬁcant ﬁnan-
cial investment and learning effort, but also introduces radical
change to every single aspect of clinical work [14]. Also, percep-
tions towards the use of EHR may vary between health profession-
als groups, adding to the complexity of implementing this
technology in a pluralist healthcare system [32,36,37].
EHR acceptance by healthcare professionals is an essential con-
dition to ensure that the expected beneﬁts will materialize [38,39].
Thus, understanding factors inﬂuencing EHR acceptance is one of
the key elements in ensuring its optimal integration and, ulti-
mately, measurable beneﬁts within health system and population.
Factors related to users and their working environment have to be
considered because many previous EHR projects have failed due to
the lack of integration into practices and organizations [40,41].
Previous studies have looked at individual factors affecting phy-
sician EHR acceptance [42–45], but few employed a theoretical
model. Among studies that used a theoretical model most were
based on the Technology Acceptance Model (TAM). The TAM
hypothesises that user intended behavior predicts their actual sys-
tem use [46]. It proposes two main factors that determine users’
behavioral intention (BI) toward using a new technology, speciﬁ-
cally perceived usefulness (PU) and perceived ease of use (PEoU)
[47]. This theory suggests that external variables, such as human
and social factors, indirectly determine attitude toward technology
acceptance by inﬂuencing PU and PEoU [47,48]. The TAM is one of
the most inﬂuential frameworks for predicting users’ perceptions
about information system use [46,47,49–51].
A study used variables from the TAM to assess factors associ-
ated with physicians’ attitude toward using EHR [52]. Overall, PU
explained 73% of the variance in physicians’ attitude toward EHR
use, whereas PEoU did not signiﬁcantly inﬂuence attitude. None
of the physicians’ characteristics (age, years in practice, clinical
specialty, health system relationship, and prior computer experi-
ence) were correlated with any of the TAM variables [53]. This
study did not assess physicians’ intention to use EHR.
Because physicians may differ from other types of users in
terms of IT acceptance, some authors have suggested adding other
constructs to the TAM [54–56]. Ilie et al. [57] found the most sig-
niﬁcant factors inﬂuencing physicians’ intention to use an Elec-
tronic Medical Record (EMR) were attitude, PU, logical access and
physical access. Walter and Lopez [58] have highlighted the role
of perceived threat to professional autonomy as an important ante-
cedent to PU, intention, and EMR usage. For their part, Price [59]
observed that PEoU, PU, and perceived patient record privacy have
moderate positive effects on physicians’ intention to use an EMR.
Holden [60] conducted a qualitative study of the effect of social
inﬂuence on physicians’ EHR use and their results suggested that
role beliefs and moral norms could both encourage or discourage
use. Besides, a study by Seeman and Gibson [61] investigated the
factors associated with their acceptance of EMR using two models:
the TAM and the Theory of Planned Behavior (TPB). Results from
their multiple regression analyses showed that the TPB was more
powerful than the TAM in explaining physicians’ acceptance, but
that a framework combining both models was even more power-
ful. Attitude toward EMR use and perceived behavioral control
were the most important predictors of physicians’ intention to
use an EMR.Archer and Cocosila [62] compared EHR perceptions of Cana-
dian physicians already using EMR systems with those not yet
using them through an integrated theoretical approach inspired
by the Uniﬁed Theory of Acceptance and Use of Technology
(UTAUT), a model offering an extension to the TAM by including
key concepts from other technology acceptance models [63]. Their
theoretical model explained 55.8% of the variance in behavioral
intention to use EHR among physicians who were EMR users,
and 66.8% among non-EMR users. Effort expectancy (a concept
similar to PEoU) was found to be the strongest determinant of
intention among EHR users, while performance expectancy (equiv-
alent to PU) was the strongest determinant for nonusers. However,
this study did not assess the role of context, particularly normative
inﬂuences, which characterize the medical profession and could
have an impact on the intention to use EHR [56]. Contextual factors
could also play an important role as barriers or enablers to EHR use
[64].
The role of context and social inﬂuence was taken into account
in a recent study by Chang and Hsu [46] suggesting that a modiﬁed
UTAUT model is useful in predicting medical staff intention to use
an information system (IS). These authors used a framework that
integrated the constructs of facilitating conditions and perceived
consequence from the Theory of Interpersonal Behavior (TIB)
[65]. Their results showed that performance expectancy, effort
expectancy, social inﬂuence, facilitating conditions and perceived
consequences explained 31% of the variance in physicians’ inten-
tion. In addition, including gender, age, experience, and occupation
as moderators increased the explanatory power from 31% to 39%
[46].
In a recent study on EMR acceptance by physicians, Venkatesh
et al. [66], tested a modiﬁed UTAUT that also considered the spec-
iﬁcities of the medical profession. Accordingly, they hypothesised
that only age would have a moderating effect on the predictors
of behavioral intention of physicians. Their modiﬁed model was
effective in predicting physicians’ acceptance and use of the EMR,
with 45% and 47% of variance explained, respectively.
Overall, previous studies have shown some support to using the
TAM and the UTAUT as theoretical models of EMR and EHR accep-
tance by physicians. However, these models are still limited in
their predictive power and, according to Venkatesh, future technol-
ogy acceptance research should attempt to integrate other theories
[66].
1.2. Goals and objectives
The aim of this study was to explore the determinants of physi-
cians’ intention to use an EHR in the Province of Quebec (Canada)
using four theoretical models. Speciﬁcally, this study examined
and compared the original TAM, a modiﬁed TAM, a psychosocial
model inspired by Triandis’ TIB, and an integrated model that com-
bines elements from the previous models. In this study, we opera-
tionalized physicians’ EHR acceptance as their behavioral intention
to use (BIU) the EHR system when it becomes available. In Quebec,
very few medical practices have started to use an EHR system;
hence we did not assess effective EHR use in this study.
1.3. Theoretical models
Given the validity and the robustness of the TAM proven by pre-
vious researches, in both mandatory and voluntary usage settings
[50,51,54,63,67–71], we have chosen this model as the reference
to develop our theoretical framework predicting physicians’ inten-
tion to use the EHR.
The original TAM (Model 1) is presented in Fig. 1. While the
TAM has been proven to have good predictability [71] it has some
limitations when applied to healthcare professionals [54].
Perceived Usefulness
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Fig. 1. TAM and Extended TAM (adapted from [47,72,73]).
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either introducing variables from other theoretical models or by
examining antecedents and moderators of PEoU and PU [72–74].
Thus, an extended TAM is proposed (Model 2) and is presented
in Fig. 1.
It has been recognized that physicians are characterized by
their relative autonomy and their independence in decision-mak-
ing [51,58,75]. However, a technology that could interfere with
physicians’ usual practice could affect their perception of their pro-
fessional role. As suggested by Succi and Walter [56], the addition
of speciﬁc determinants, such as the perceived impact of using the
technology on professional status, should be tested in further stud-
ies of IT acceptance by physicians. Furthermore, context-speciﬁcH: Hypotheses 
Professional 
Norm (PN) 
Social Norm 
(SN) 
Personal 
Identity (PI) 
Perceived Ease 
of Use (PEoU) 
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Fig. 2. Psychosocial and integrated movariables should be added to the model in order to increase its
explanatory power [54,64].
The third model (Psychosocial model), presented in Fig. 2, in-
cludes theoretical constructs from the TIB [65] and other theoreti-
cal studies of healthcare professionals’ behavior [76–79]. Although
the most recent versions of the TAM include some psychosocial
constructs, the TIB encompasses most of the determinants found
in other models and considers cultural, social, and moral factors
that are not accounted for in other theories [80]. The TIB has been
used in previous studies of information technology acceptance by
different groups of workers [81–84]. According to Triandis [65],
Behavior is determined by three dimensions: intention, facilitating
conditions, and habit. Intention refers to the individual’s motivationBehavioral 
Intention to 
Use (BIU) 
Resistance to 
Change (RC)
Information about 
Change (IC)
Model 3: Psychosocial 
model
H11
H6
Model 4: Integrated 
model 
H12
dels (adapted from [39,65,85,86]).
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tions represent objective factors that can make a given behavior
easy to adopt. Conversely, barriers consist of factors that can im-
pede or constrain the realization of the behavior. Habit constitutes
the level of routinization of behavior, i.e. the frequency of its occur-
rence. Habit is not relevant in our model because we studied phy-
sicians’ intention to use a new integrated EHR system that was to
be implemented.
In the TIB, intention is formed by attitudinal, normative, and
identity beliefs. Attitudinal beliefs include affect and perceived
consequences. Affect represents an emotional state that the perfor-
mance of a given behavior evokes for an individual. It is considered
as the perceived affective consequences of the behavior, whereas
perceived consequences refer to the cognitive evaluation of the
probable consequences of the behavior. Affect is not included in
the proposed model because the behavior of interest is a profes-
sional behavior (using an EHR for a physician), which is less likely
to be inﬂuenced by affective consequences Godin et al. 2008 [77].
The TIB incorporates two different normative dimensions: so-
cial and personal norms. Perceived social norms (SN) are formed
by normative and role beliefs. Normative beliefs consist of the inter-
nalisation by an individual of referent people or groups’ opinion
about the realization of the behavior, whereas role beliefs reﬂect
the extent to which an individual thinks someone of his or her
age, gender and social position should adopt the studied behavior
or not. The other normative component of the TIB is the personal
normative belief that represents the feeling of personal obligation
regarding the performance of a given behavior or not. Finally,
self-identity refers to the degree of congruence between the indi-
vidual’s perception of himself or herself and the characteristics
he or she associates with the realization of the behavior. Further-
more, in an effort to better adapt the TIB to health professional
behavior, another dimension was added to the personal normative
beliefs – the professional norm (PN) [79]. This variable refers to the
integration by the self of the speciﬁc normative pressures of one’s
professional group. In a previous study on physicians’ decision to
adopt a new technology [81], adding the professional norm to
the personal normative construct signiﬁcantly improved the pre-
dictive validity of this construct.
In the Psychosocial model, PU is equivalent to the concept of
perceived consequences from the TIB, whereas PEoU and CSE cor-
respond to the concept of facilitating conditions.
The fourth model (Fig. 2) is an integrated model that is based
on the combination of the TAM and the psychosocial model, but
also combines theoretical constructs that have emerged in recent
studies on physician acceptance of information technologies:
demonstrability of the results (DR), resistance to change (RC),
and computer self-efﬁcacy (CSE). Demonstrability of the results, a
concept originating from Rogers’ Diffusion of Innovations theory
[86], consists in the possibility to demonstrate the results of the
new system Moore and Benbasat (1991) [87]. DR has been found
to signiﬁcantly inﬂuence information technology acceptance in
healthcare professionals [88]. Resistance to change is deﬁned by
Nov and Ye [89] as a personality trait of people who ﬁnd it difﬁ-
cult to break their routines and are emotionally stressed when
expecting change. RC was suggested as a possible determinant
of physician satisfaction with EMR and a potential determinant
of its continuing use [39]. Computer self-efﬁcacy represents the
self-evaluation by an individual of their capacity to use the tech-
nology [90], and its role in improving the TAM has also been
demonstrated [74].
A new construct, information about change (IC) was added be-
cause of the recognized importance of change management when
implementing disruptive innovations in healthcare [41,91]. Based
on previous work [92], we have added this construct to the theo-
retical model in order to address the potential inﬂuence ofevidence-based knowledge on the acceptance of information tech-
nology in healthcare practices.
Subsequently, we tested the effect of external variables (age,
sex, prior EMR experience and specialty) on the revealed signiﬁ-
cant relationships between the independent variables and physi-
cians’ intention to use EHR. Table 1 presents the research
hypotheses tested in relation to the four models.2. Methods
2.1. Studied population and sample
The Quebec Medical Association (QMA) sent an email invitation
to participate in the study to all its members with a valid email ad-
dress. The QMA includes general practitioners and specialists with
license to practice medicine in the province of Quebec. Interested
physicians could click on the link that was provided in the message
to access a web-based questionnaire posted on a secured website.
The number of email sent was about 6000, but there is no informa-
tion about the number of physicians who actually read the mes-
sage or clicked on the invitation link. Due to the exploratory
nature of the study, we did not calculate a sample size a priori.
Physicians were invited to read and sign the consent form, indicat-
ing their agreement to participate in the study. This study received
ethical approval from the Quebec University Hospital Research
Centre (SIRUL #85320).
2.2. Variables measured and psychometric properties of the measures
In this research, the targeted behavior was physicians’ behav-
ioral intention to use (BIU) a new interoperable EHR system that
was to be launched by the Quebec government. The term EHR
was deﬁned at the beginning of the questionnaires (see Appendix
A). All questions, except those aimed at collecting sociodemograph-
ic information, captured responses via a 7-point Likert scale with
responses ranging from ‘‘strongly disagree’’ (1) to ‘‘strongly agree’’
(7). All constructs were operationalized as the mean of the sum of
their corresponding items, which are provided in Table 2.
Survey items measuring theoretical constructs came from a pre-
vious qualitative study on EHR acceptance in a primary care clinic
[92] and a pilot validation of the integrated theoretical model
based on a literature review [93]. The items measuring RC were
adapted from Lapointe and Rivard [94], those measuring DR were
adapted from Moore and Benbasat (1991) [87], and those measur-
ing CSE were adapted from Compeau and Higgins [90].
Construct validity was assessed with item loadings and internal
consistency reliability. Thus, exploratory factor analyses were ﬁrst
conducted to ensure that the survey items converged on factors
that would be predictors of physicians’ intention to use EHR.
Hence, construct validity was evaluated by examining the factor
loadings within the constructs as well as the correlation between
the constructs, according to the theoretical models used [95]. Reli-
ability of the instrument was measured by means of the Cronbach’s
alpha value for each theoretical construct.
2.3. Statistical analyses
First, we conducted descriptive analyses to explore sociodemo-
graphic and theoretical data distribution. Then, we computed Pear-
son correlations between all constructs to establish the magnitude
and signiﬁcance of associations between theoretical variables and
BIU.
Subsequently we performed path analysis using maximum like-
lihood method of parameter estimation to test direct and indirect
effects of original and extended TAM. As a ﬁrst step, we entered
Table 1
Summary of research hypotheses.a
Hypotheses Model used to test hypotheses
H1 PU has a positive direct effect on BIU Original TAM/Extended TAM/Psychosocial model/Integrated model
H2 PEoU has a positive direct effect on BIU Original TAM/Extended TAM/Psychosocial model/Integrated model
H3 PEoU has a positive direct effect on PU Original TAM/Extended TAM
H4 CSE has a positive direct effect on BIU Integrated model
H5 CSE has a positive direct effect on PEoU Extended TAM
H6 DR has a positive direct effect on BIU Integrated model
H7 DR has a positive direct effect on PU Extended TAM
H8 PI is positively associated with BIU Psychosocial model/Integrated model
H9 SN is positively associated with BIU Psychosocial model/Integrated model
H10 PN is positively associated with BIU Psychosocial model/Integrated model
H11 IC is positively associated with BIU Integrated model
H12 RC is negatively associated with BIU Integrated model
H13 Age modiﬁes the association between theoretical variables and BIU Original TAM/Extended TAM/Psychosocial model/Integrated model
H14 Gender modiﬁes the association between theoretical variables and BIU Original TAM/Extended TAM/Psychosocial model/Integrated model
H15 Speciality modiﬁes the association between theoretical variables and BIU Original TAM/Extended TAM/Psychosocial model/Integrated model
H16 Prior EMR experience modiﬁes the association between theoretical variables and BIU Original TAM/Extended TAM/Psychosocial model/Integrated model
a PU – Perceived Usefulness; PEoU – Perceived Ease of Use; CSE – Computer Self-Efﬁcacy; DR – Demonstrability of the Results; BIU – Behavioral Intention to Use;
RC – Resistance to Change; IC – Information about Change; PI – Personal Identity; SN – Social Norm; PN – Professional Norm; CSE – Computer Self-efﬁcacy.
Table 2
Respondents’ proﬁle.
Characteristics N Percentage (%)
Gender Male 96 64.0
Female 54 36.0
Specialty General practitioner 89 59.3
Specialist 61 40.7
Age group (years) 30 Or less 7 4.7
30–39 16 10.7
40–49 34 22.7
50–59 60 40.0
60 and over 33 22.0
Type of practice Hospital 60 41.4
Private clinic 29 20.0
Family Medicine Group 17 11.7
Local Community Health Center 11 7.6
Other 28 19.3
Tenure (years) <10 23 15.3
10–19 23 15.3
20–29 50 33.3
30–39 44 29.3
P40 9 6.0
Practice setting Rural/remote 20 13.3
Semi-urban 25 16.7
Urban 105 70.0
EMR experience No 74 49.3
Yes 76 50.7
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Next, two other dimensions, namely demonstrability of the results
(DR) and computer self-efﬁcacy (CSE), were added to the TAM in
order to improve its predictive power (Extended TAM).
Then, we performed a multivariate linear regression using max-
imum likelihood method of parameter estimation to test both the
Psychosocial and the Integrated models which contained only di-
rect effects on BIU. All relationships between predictors and BIU
were hypothesized as direct in the Psychosocial and Integrated
models, in accordance with the TIB that inspired these models.
Thus, as a third step, we tested the variables PEoU, PU, PI, CSE,
PN and SN from the psychosocial model based on the TIB. We then
added three other theoretical constructs, IC, DR and RC, to test the
integrated model. Subsequently, we tested the inﬂuence of profes-
sional and sociodemographic characteristics on physicians’ inten-
tion to use EHR in order to detect potential modifying effects. To
do so, we performed multi-group analyses of invariance of allstructural weights simultaneously in each of the four steps of mod-
eling to test whether age (less or more than 50 years), gender
(male or female), speciality (GP or specialist) and prior EMR expe-
rience (yes or no) had a modifying effect on each of the regression
weights.
We checked multicollinearity diagnostics before modeling and
the results were satisfactory. All statistical analyses were per-
formed with the SAS9.3 and AMOS 18.0. The p-value 6 0.05 was
taken as the level of statistical signiﬁcance. The ﬁnal models pre-
sented in this paper include only signiﬁcant predictors of BIU
and all regression weights presented hereafter are standardized.
The data set includes missing values for some items. Given the
small size of the study sample, all participants were kept in study.
Imputation of missing data was performed by the regression meth-
od available in AMOS 18.0. The estimates of missing data were rea-
sonable: the differences before and after imputation for missing
items on means and standard deviations were negligible (data
not shown).3. Results
3.1. Sample proﬁle
We received a total of 157 questionnaires from unique respon-
dents, from which seven were excluded due to missing data on
QMA membership identiﬁcation which made it impossible to
check for duplicates. The ﬁnal sample consisted of 150 physicians
whose characteristics are presented in Table 2.
Despite the low response rate of 2.5% among the convenience
sample of physicians who were members of the QMA, the study
sample is rather representative of physicians practicing in the
province of Quebec. The mean age (50.6 years), the proportion of
male and female (64% and 36%) and the proportion of GPs and spe-
cialists (59% and 41%) in our sample are close to those in the gen-
eral population of physicians in Quebec in 2009 (52.4 years; M/F:
60%/40%; and GPs/Specialists: 49%/51%) [96]. There are no statisti-
cal difference between our sample and the general physician pop-
ulation in Quebec by age (one sample t-test, p = 0.260) and gender
(one sample z-test for proportion, p = 0.3173). However, the pro-
portion of GPs in our sample is higher than in the general popula-
tion of Quebec physicians (one sample z-test for proportion,
p = 0.0143). This does not constitute a limitation because primary
care physicians are the main target group for the provincial inte-
grated EHR in Quebec.
Table 4
Measurement model ﬁt indices and their acceptable thresholds.
Model ﬁt Indicator
value
Thresholds
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According to the Kaiser criterion, conﬁrmatory factor analysis
was satisfactory for all theoretical constructs. This analysis showed
that all items of corresponding constructs converged to a single
factor. All items weights ranged from .60 to .93 (Table 3). Also,
Cronbach’s alpha values were adequate for the majority of theoret-
ical constructs, ranging from .75 to .91, except for DR (.66) and CSE
(.68), which were nonetheless acceptable [97] (Table 3).
We used the absolute and relative ﬁt indices to test and validate
the measurement model. All ﬁt indices of the measurement model
fell within acceptable ranges and support reasonable ﬁt assump-
tion (Table 4).v2/df 1.48 62 [98,99]
RMSEA (Root Mean Square Error of
Approximation)
0.057 60.07
[51,98,100,101]
CFI (Comparative Fit Index) 0.94 P0.90
[51,100,102]
IFI (Bollen’s Incremental Fit Index) 0.94 P0.90 [51,100]
TLI (Tucker-Lewis Index) 0.92 P0.90 [51,100]3.3. Factors inﬂuencing physicians’ intention to use EHR
The correlations between theoretical constructs ranged from
0.24 to 0.69 (Table 5). It should be noted that all constructs ex-
cept IC had a statistically signiﬁcant correlation with BIU.Table 3
Theoretical constructs items and psychometric properties of the measures.
Construct
Perceived usefulness (PU)/perceived consequences
PU1 Using the EHR will allow me to have quick access to patients data
PU2 Using the EHR will facilitate communication of information between var
PU3 Using the EHR will avoid duplication of examinations
PU4 Using the EHR will improve the quality of care
PU5 Using the EHR will reduce the risk of error
Perceived ease of use (PEoU)/facilitating conditions
PEoU1 Learning to use the EHR will require much time (inverted)
PEoU2 I think the EHR will be easy to use
PEoU3 I think the EHR will be simple to use in my consultations with patients
Computer self-efﬁcacy (CSE)
CSE1 I will use the EHR if I get training
CSE2 I will use the EHR if I can get technical support
Demonstrability of results (DR)
DR1 I can easily communicate to others the impact of my use of the EHR
DR2 For me, the impact of the use of the EHR will be visible
Personal identity (PI)
PI1 I am comfortable with information and communication technology
PI2 I consider myself a person that embraces change
PI3 I have a good adaptability
PI4 I am a conscientious person
Social norm (SN)
SN1 Other health professionals (nurses, pharmacists) would approve that I us
SN2 My medical colleagues would approve that I use the EHR
SN3 Most patients would welcome that I use the EHR
Professional norm (PN)
PN1 It would be normal for a doctor in my organization to use the EHR
PN2 A doctor in my specialty should use the EHR
PN3 I think using the EHR would be proper for a doctor in my area
Information about change (IC)
IC1 I have access to all the information I need to make my decision whether
IC2 The information provided seems sufﬁcient to support my decision wheth
IC3 I have received information regarding the use of the EHR in a timely ma
Resistance to change (RC)
RC1 I do not want that the EHR changes the manner that I interact with pati
RC2 I would not like that the EHR changes the way I make my clinical decisi
RC3 I do not want the EHR to change my daily work
Behavioral intention to use (BIU)
BIU1 When available in my clinical practice, I intend to use the EHR for all my
BIU2 When available in my community, I intend to adopt the EHR for all my c
BIU3 The chances that I use the EHR for all my clinical activities when available
BIU4 Whatever the circumstances, I do not intend to use the EHR when it beco
(inverted)3.4. Structural path models
We applied path analysis using structural equation modeling to
evaluate the two ﬁrst theoretical models (TAM and Extended TAM)
because these models include both direct and indirect
relationships.Mean ± SD Factor
loading
Cronbach’s
alpha
6.2 ± 1.0 .88
6.2 ± 1.3 .85
ious care providers 6.3 ± 1.1 .86
6.4 ± 1.0 .79
6.1 ± 1.2 .86
5.9 ± 1.3 .84
4.4 ± 1.4 .77
3.6 ± 1.7 .69
4.7 ± 1.5 .92
4.9 ± 1.7 .90
6.3 ± 1.1 .68
6.3 ± 1.3 .90
6.3 ± 1.2 .90
5.7 ± 1.1 .66
5.5 ± 1.2 .86
5.8 ± 1.3 .86
6.4 ± 0.8 0.75
5.9 ± 1.5 .61
6.5 ± 0.9 .89
6.5 ± 0.9 .88
6.7 ± 0.7 .79
6.1 ± 0.9 .81
e the EHR 6.2 ± 1.0 .77
6.1 ± 1.2 .88
5.9 ± 1.2 .83
6.1 ± 1.0 .86
6.2 ± 1.2 .77
6.0 ± 1.2 .82
6.3 ± 1.0 .75
3.5 ± 1.8 .90
to use the EHR 3.3 ± 1.9 .92
er to use the EHR 3.9 ± 2.1 .92
nner 3.3 ± 2.0 .92
5.0 ± 1.6 .86
ents 5.1 ± 1.8 .91
ons 5.4 ± 1.7 .90
4.5 ± 1.9 .86
6.0 ± 1.3 .91
clinical activities 5.9 ± 1.4 .92
linical activities 5.8 ± 1.5 .92
in my organization are very high 6.0 ± 1.5 .92
mes available in my organization 6.2 ± 1.5 .81
Table 5
Correlations matrix of the theoretical constructs with 95% conﬁdence interval (z-transformation of Fisher).
BIU PU PEoU IC PI CSE SN PN RC
PU 0.55 [0.43;0.65] – – – – – – – –
PEoU 0.59 [0.48;0.69] 0.50
[0.36;0.61]
– – – – – – –
IC 0.13
[0.03;0.28]
0.17
[0.01;0.32]
0.30 [0.15;0.44] – – – – – –
PI 0.27 [0.12;0.42] 0.20
[0.04;0.35]
0.29 [0.13;0.43] 0.03
[0.13;0.19]
– – – – –
CSE 0.36 [0.21;0.49] 0.39
[0.25;0.52]
0.25 [0.09;0.39] 0.02
[0.14;0.18]
0.01
[0.15;0.17]
– – – –
SN 0.59 [0.47;0.68] 0.51
[0.37;0.62]
0.48 [0.34;0.59] 0.14
[0.02;0.29]
0.33
[0.18;0.47]
0.27
[0.12;0.42]
– – –
PN 0.62 [0.51;0.71] 0.63
[0.52;0.71]
0.47 [0.33;0.58] 0.10
[0.06;0.26]
0.27
[0.11;0.41]
0.48
[0.35;0.59]
0.64
[0.53;0.72]
– –
RC 0.21
[0.36;0.05]
0.14
[0.30;0.02]
0.24
[0.38;0.08]
0.07
[0.22;0.10]
0.08
[0.24;0.08]
0.04
[0.20;0.12]
0.12
[0.27;0.04]
0.14
[0.30;0.02]
–
DR 0.55 [0.42;0.65] 0.65
[0.55;0.73]
0.43 [0.28;0.55] 0.15
[0.01;0.30]
0.18
[0.02;0.33]
0.23
[0.07;0.37]
0.49
[0.36;0.60]
0.58
[0.46;0.67]
0.23
[0.37;0.07]
M.-P. Gagnon et al. / Journal of Biomedical Informatics 48 (2014) 17–27 233.4.1. Model 1: original TAM
The result of the path analysis model testing the original TAM is
reported in Fig. 3. This model provides empirical support for H1, H2
and H3. Thus, PU and PEoU have a direct and positive association
with BIU, and PEoU has a direct positive association with PU. This
model explains a total of 44.0% of the variance in BIU, with PEoU as
the strongest predictor.25
Behavioral Intention to Use 
(BIU)
Perceived Ease of Use 
(PEoU)
.42*
.50*
.34*
Perceive Usefulness (PU)
Fig. 3. Original TAM, standardized regression coefﬁcients (⁄p value 6 0.001).
Perceived 
Usefulness (P
Perceived Ease o
(PEoU)
Computer Self-
efficacy (CSE)
Demonstrability of 
the Results (DR)
.57*
.25*
.2
Fig. 4. Extended TAM, standardized regre3.4.2. Model 2: extended TAM
In the second model (Extended TAM), we added DR as a direct
antecedent of PU [48,72] and CSE as a direct antecedent of PEoU
[48]. This model provides empirical support for H1 and H2, sug-
gesting that PU and PEoU have direct and positive associations
with BIU. Fig. 4 presents the path analysis for the extended TAM.
The extended TAM also explains a total of 44.0% of the variance
in BIU. In addition, 48.1% of the variance in PU is explained by PEoU
and DR, thus supporting H3 and H7. CSE explains 6% of the variance
in PEoU, which supports H5. All indirect effects are signiﬁcant in
both the TAM and the extended TAM (results not shown).3.5. Multivariate linear regression models
3.5.1. Model 3: psychosocial model
We used multivariate linear regression to evaluate models 3
and 4 because they only contain direct relationships between the-
oretical constructs and BIU, thus a structural model was not
appropriate.
Model 3 (Psychosocial model) explains 53% of the variance in
BIU (Fig. 5), after removing the variables that were not signiﬁcant
in the stepwise regression (PI, CSE and PU). Thus, we reject H1, H4,
and H8 for this model. The remaining predictors of BIU are PEoU,
PN and SN, which supports H2, H9, and H10.U)
f Use
Behavioral
Intention to Use
(BIU)
.42*
.34*
0*
ssion coefﬁcients (⁄p value 6 0.001).
Behavioral
Intention to Use
(BIU)
Professional Norm 
(PN)
Social Norm (SN)
Perceived Ease of 
Use (PEoU)
.22*
.34*
.32*
Fig. 5. Psychosocial model, standardized regression coefﬁcients (⁄p-value 6 0.01).
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The Stepwise algorithm for best model selection led to the ﬁnal
Integrated model presented in Fig. 6. This model adds demonstra-
bility of the results (DR) to the ﬁnal Psychosocial model, which
supports H6. Thus, PEoU, PN, SN, and DR explain 55% of the vari-
ance in physicians’ intention to use the EHR.
3.6. Multi-group analyses
We checked whether model relationships on the whole differed
between groups of age, gender, speciality, and prior EHR experi-
ence. Specialty (GP vs. specialist) is the only variable that has a sig-
niﬁcant modifying effect in all four models: TAM (Dv2 = 19.421,
df = 3, p < 0.001), extended TAM (Dv2 = 20.427, df = 5, p = 0.001),
Psychosocial model (Dv2 = 10.298, df = 3, p = 0.016), and Inte-
grated model (Dv2 = 15.490, df = 4, p = 0.004), thus providing sup-
port for H15.
Age group (less vs. more than 50 years) shows a signiﬁcant
modifying effect in the TAM (Dv2 = 8.827, df = 3, p = 0.032), the ex-
tended TAM (Dv2 = 33.319, df = 5, p = 0.046), and the Psychosocial
model (Dv2 = 7.974, df = 3, p = 0.047), providing support for H13.
Age is close to signiﬁcance (Dv2 = 8.987, df = 4, p = 0.061) in the
Integrated model.
Prior EHR experience (yes vs. no) shows a signiﬁcant modifying
effect in the TAM (Dv2 = 11.887, df = 3, p = 0.008) and the extended
TAM (Dv2 = 10.615, df = 5, p = 0.060), providing support for H16.
Finally, multi-group analysis revealed no signiﬁcant modifying
effect of gender in the four models.
We summarize the results of the different theoretical models in
Table 6. The original TAM appears to be equal to the extended TAM
in explaining physicians’ intention to use EHR. The integrated psy-
chosocial model explains the behavioral intention a little betterProfessional norm 
(PN)
Social Norm (SN)
Perceived Ease of 
Use (PEoU)
Demonstrability of 
the Results (DR)
.31*
.18*
.19*
.25*
Fig. 6. Final Integrated model, standardizedthan the psychosocial model, which is better than the original
and extended TAM. Across all models, PEoU exhibits the strongest
direct, indirect and total effects on BIU. In the Psychosocial and
Integrated models, professional norm appears to have the second
strongest direct effect on BIU. In the Integrated Model, demonstra-
bility of the results shows a signiﬁcant effect on BIU.
4. Discussion
The aim of this study was to identify factors inﬂuencing physi-
cians’ intention to adopt the EHR in the Province of Quebec (Can-
ada) using different theoretical models. We initially tested the
original TAM, in order to facilitate the comparison with previous
studies and then we tested an extended TAM model. We then
tested a psychosocial model adapted from the TIB and an inte-
grated model that incorporates variables from the previous
models.
Similar to other studies [63,103], the TAM explained 44% of the
variance in physicians’ intention to use EHR in our sample. Per-
ceived usefulness (PU) and perceived ease of use (PEoU) explained
a signiﬁcant proportion of behavioral intention to use (BIU). These
ﬁndings are consistent with most prior research [48,57,61,104].
Across the models investigated, PEoU is a strong and signiﬁcant
determinant of physicians’ intention to use EHR, and also inﬂu-
ences their PU. This ﬁnding is similar to what has been reported
in several recent studies of EHR acceptance [50,59,62,66], but is
not congruent with other studies that have shown that PU is the
most signiﬁcant factor affecting physicians’ intention to use infor-
mation technology [58,105]. In our model, PEoU is augmented by
physicians’ computer self-efﬁcacy (CSE). According to Venkatesh
[66], physicians who feel capable of using information technologies
have little difﬁculty in using EHR. Through its indirect effect,Behavioral Intention 
to Use (BIU)
regression coefﬁcients (⁄p value 6 0.05).
Table 6
Summary of models.
Model 1 TAM Model 2 extended TAM Model 3 psychosocial model Model 4 integrated model
Total effects
PEoU 0.59 0.49 0.34 0.31
PU 0.34 0.34
CSE 0.12
DR 0.20 0.18
PN 0.33 0.25
SN 0.22 0.19
Direct effects
PEoU 0.42 0.42 0.34 0.31
PU 0.34 0.34
CSE –
DR – 0.18
PN 0.33 0.25
SN 0.22 0.19
Indirect effects
PEoU 0.17 0.07 – –
PU – –
CSE 0.12
DR 0.20 –
PN – –
SN – –
Percentage of variance explained (R2) 0.44 0.44 0.53 0.55
Akaike information criterion (AIC) 12.00 42.53 20.00 30.00
Bayesian information criterion (BIC) 30.06 81.67 50.10 75.16
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cretely, training physicians in the use of computers would improve
their overall perception that using EHR is easy.
Physicians are likely to intend to use EHR when it is considered
easy to use in their practice. Physicians know the importance and
the necessity of using EHR in their practice, given its potential im-
pact on the quality of care to patients [5–8]. Thus, PU would not be
such an important issue compared to that of the ease of use or the
existence of facilitating conditions that are captured by PEoU. Most
physicians are not familiar with new technologies and will look for
an easy tool that does not require major changes in their practice
[50]. Involving physicians in the design of EHR, notably through
user analysis, appears a good strategy to ensure that the system
is intuitive for them and thus, more easy to use [106,107].
Several studies have insisted on the role of context in technol-
ogy acceptance research. Particularly, health professionals have
speciﬁc characteristics and are different from other categories of
information technology users [56,66]. In our study, normative fac-
tors are among the most important determinants of physicians’
intention to use an EHR. Speciﬁcally, professional norm (PN) is
the second determinant of BIU in the psychosocial and integrated
models. Other studies provide support to the importance of PN to
explain behavioral intention in healthcare professionals [77,79].
The fact that physicians perceive that using an EHR is consistent
with what they consider an appropriate behavior for a physician
is likely to increase their acceptance of this technology, thus calling
for strategies that will present EHR as an integral component of
medical practice.
Social norm (SN) is the third most important determinant in the
psychosocial and integrated models. Despite their professional
autonomy, physicians’ decisions regarding EHR acceptance could
be strongly inﬂuenced by their peers, which is consistent with
the strong acculturation associated with the medical profession
[60]. Therefore, strategies that encourage role modeling and peer
support, such as champions and super users [36], are likely to in-
crease physician acceptance of EHR.
Regarding the effect of sociodemographic and professional
characteristics (age, gender, pervious EHR experience and special-
ity), we note that PU has a higher effect on BIU for physicians under
50 years old and on GPs. In the Psychosocial and Integrated models,SN had a stronger inﬂuence on BIU in the group of physicians un-
der 50 years and for GPs. Among physicians aged 50 years and over
and physicians who have no previous EHR experience, PEoU has
more impact on BIU. Also, we note that the effect of professional
norm on BIU is stronger among women and that RD has more inﬂu-
ence on BIU among GPs. Venkatesh et al. [66] found that age had a
modifying effect on physicians’ intention to use EHR. Also, Walter
and Lopez [58] found that male physicians’ intention to use EMR
differed from that of female physicians [58]. Our results are also
in line with those of Venkatesh et al. [66] and Walter and Lopez
[58] regarding the modifying effect of age on physicians’ intention
to use EHR. These ﬁndings point out the need to develop strategies
that are tailored to the individual characteristics of potential EHR
users, such as age and gender.
These results add to the current knowledge in the ﬁelds of tech-
nology acceptance and healthcare IT implementation. First, this
study conﬁrms the limited applicability of the TAM to study
healthcare professionals’ acceptance of EHR. The Psychosocial
model, inspired by Triandis’ TIB, performed well for predicting
intention. However, an integrated model that combined elements
from the TAM, the TIB, and demonstrability of results was the most
powerful. This study also provides some evidence on the need to
incorporate other variables to increase the explanatory value of
theoretical models. As such, sociodemographic variables and previ-
ous experience should not be discarded from acceptance models.
Our results also support the importance of taking context into ac-
count in acceptance studies, thus calling for the use of models that
include organizational and contextual factors [39,66].
These results have direct applications for practice. Thus, in
order to encourage physician acceptance of EHR, the focus should
be placed on the ease of use of the system, including proper
computer training and familiarization with the EHR technology
[108]. Involving users early in EHR design could also enhance the
usability of the system [106,109]. The integration of EHR into
professional norms could be supported by better integrating
information technology into the continuing professional develop-
ment programs targeting older physicians. Strategies using
well-respected medical champions for EHR implementation would
foster positive social norms towards this technology. Finally,
demonstrating the results of EHR on patient care through the
26 M.-P. Gagnon et al. / Journal of Biomedical Informatics 48 (2014) 17–27diffusion of successful implementation stories would be another
strategy to increase physician acceptance.
Despite its important contributions, this study has several lim-
itations that could curb the interpretation of the results. First, as in
all observational studies, we cannot conclude to causality relation-
ship between variables. Second, as in other e-mail surveys and
questionnaire-based studies, self-reported information can lead
to a social desirability bias that could also affect the results. How-
ever, respondents were informed of the conﬁdential nature of their
answers. Third, the weak response rate and the small sample size
prevented us from conducting structural equation modeling to
adequately test the models. Fourth, we did not consider all the the-
oretical constructs from the TIB in the Psychosocial model. For in-
stance, affect, personal normative belief and habit could also be
important determinants of EHR acceptance but have not been mea-
sured in this study. Finally, the modest sample size and the recruit-
ment of physicians through a professional association limit the
generalization of the ﬁndings by speciality.
5. Conclusion
In summary, our study supports the importance of gender and
social factors for promoting technology acceptance among physi-
cians. The combined theoretical constructs into an integrated mod-
el that allows the consideration of several variables revealed to be
a useful approach to the theoretical development of a model of EHR
acceptance among physicians. In order to conﬁrm its value, this
model needs to be validated with larger samples and in other
healthcare settings.
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